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PHENIX is one of the experiments which use Relativistic Heavy Ion Collider(RHIC)
at Brookhaven National Laboratory. RHIC can accelerate both various ionized nu-
clei, proton to gold and polarized protons. One of the physics goals of the PHENIX
experiment is a measurement of spin structure in nucleon. Proton has spin 1/2. The
fraction of proton spin arising from its three valence quarks is small, about 20% to
30%. This has been well studied in deep inelastic scattering(DIS) experiments [1].
Polarized proton-proton collision is a new tool to measure proton spin structure. In
particular, the production of !+ couples only left-handed quarks and right-handed
antiquarks, so asymmetry of the W yield from a measurement flipping the helicity of
polarized beam proton is sensitive to flavor dependence of ?q and ?!. Production of
the W occurs at a scale where higher order QCD corrections can be evaluated reliably,
and it is free from uncertainties in fragmentation functions by detecting leptons from
W decay [2]. The PHENIX detector consists of two central arms and two muon arms.
The central arm is the detector to measure electrons, photons and hadrons. The
muon arm is a detector to measure muons. It is composed of muon magnet, muon
tracker(MuTr), and muon identifier(MulD). The muon tracker is placed in the muon
magnet. It has three layers of cathode-strip-readout tracking chambers. These layers
are called as stations. MuTlr plays a key role to detect high momentum muons de-
cayed from W-boson and identify from huge hadronic QCD backgrounds. Naively the
momentum resolution of MuTr should be limited by the intrinsic position resolution
of the chambers ( 100um) and multiple scattering. However, we have never achieve
what is expected from these designed values. Here I will address two possible causes:
1) cross talk between readout cathode strips, 2) relative miss-alignment between three
tracking stations.

Development Restoring Capacitor Clamp Board. The Restoring Capacitor Clamp
board (hereafter referred to as the ReCap Board) was developed to improve existing
anode circuit cards of the PHENIX muon cathode strip chambers. Originally, the
anode cards were equipped with surface mounted capacitors which were later removed,
because moisture was trapped in tiny space between them and the anode cards, and
caused frequent high voltage trips. As an another side effect of missing capacitors, the
relevant path to the ground for the negative charge generated in anode wire was lost.
As a consequence, the charge finds relatively easy path to escape in adjacent strips
which share same anode wire. This phenomenon called cross talk. Because cross talk
signal interfere with real signal, it will create the unexpected high hit-multiplicity

and reduced the position resolution of the tracker. For this reason, we have developed



ii

the recapacitation (ReCap) board with non-surface type capacitors to be used in lieu
of the original capacitors, which guide the anode charge to the proper ground. New
cramps have been installed about 60% of MuTr acceptance. The impact on MuTr

performance under engineering constraints will be discussed.

Alignment precision for the PHENIX muon tracking chamber. The optical align-
ment system (OASys) of MuTr chambers pointed out the relative position of three
tracking stations move as much as 50 to 300 ¢ m within a coupe of months of run-
ning period[ref to Tkeda’ s thesis| perhaps due to the temperature, on/off switch of
the magnetic field and some other cause. However this observation has never been
verified neither quantitatively nor qualitatively. In order to verify it, I investigated
another independent measurement using residuals of tracks in the zero magnetic field.
This residual is defined as the difference between the linear extrapolation to station-3
from station-2 and 1 hit positions and the actual hit point of station 3. The residual
will be distributed around zero if the relative alignment between the each stations is
accurate. The correlation between two independent alignment measurements will be

discussed.
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1.5 HROBME. RUFHEXDFHN

DL ETiiR7-, RHIC-PHENIX FEE#IcE 12 W R FHIZEIZ 2 0 1 14X b RIS
BB Laned 7z, L2 LEIRD Muon Arm D287 4 —< ¥ A Tld W K FDIAE DK EET
HHEDPBECTD > TS, ZiE, Muon Arm DFEREETH % 2 2 —F v DRI%
B9 % 729 D Muon Tracker(MuTr) &I LAY — FEAH LBA N Y v 7F =
3= (28S) OMERSRARRFEHI N TR VRIGERT 2, N, WHT
HIE AT THARD MuTr 238 2 5RO W TR 5,

9. ZD 1213 MuTr @ Alignment B TH %, MuTr DEEHZIEDHREIZ 100um
BETH 2D, FEEIEZZ D 2~3EREL2PERI N TRV, ZOBHRTIE MuTr D
HEIE MBS I T, FEEE S o — A4 v oMz REIC L Tw3, i
ETRAEDREI D MIEIEL TR WHEHD—>2 & LT, FEfoiRELZ{LEICLD
MuTr DAEDSEN STV ERERZEIT NS, LrL, ZOFEFRPICET S MuTr DE
DARAVIZH LT Alignment (ZBfi2>, ZDIEMELRET S BAE2 FHRTwZn,

ZLT, ) 120EIEMuTr DA MYy FHTHEL B 70 A —0ThHb, T
FEBEfED MuTr O 7/ — FESVBIEFEICZ 77 T4 v 7 3NTu i »WHIGERT 5,
ZOZ7UAL=2712X D MuTr DOAZEDAIENML, HIZ MuTr ZH0W 722 bYA= &
T LDENENPET T2 EEZ5N TR,

B, 2o OREZ IEMEICHAE L SGE T 2 HIZERZ2 Y S 5 72 D ITHEARR
ThHhbd, MIZD 24/, ZOMuTr IZBIFS 794X ) & A b—=7 M
BEDOBHIIB DT, KX TIE, 2O & RRICOVWTAER S, B3 ETIE, MuTr
D774 A MZBELT "™MuTr ®F = > 8—=7 L —LIZHUD [ & a7 S22 E Al
1E¥ 27 4 (OASys)s & "Muon Arm DS % oft IZ L 7ARFEETD + 7 v 7 734t 2 T
3 % Zero Field Residual Analysis j &9 2 D07 L 7z FiEIC L b EEpick I3
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MuTr DFED AL Z25Hli L7z, £7-5 £ THOMEI O 2= KD > 7 OASys D
F 2 N—DEERNT LI OVWTE LT 5,

FHATETIZ20 1 240 F =Y BHFICHIT T, 70 A =27 Z2WHT 2 72 DICBHF L
7B E (ReCap board) IC2W TR %, ZHUIBEFD 7 /) — F A — Ry % 7
TV T A7 RBETAHLGEETH ) ARimITB T, Z OFAFEERE O D
5T %, 2L TRRBRIC D 220 2 L35 IOV TOREEZEEF 2 72 L THEEOM
N2 CTHBOMEEZ £ L D7,
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PHENIX = 2 —# > 1RiLizr%;

| L a4

CDOETIEE T 7 —24% 500GeV £ THE#$ 2 RHIC JI#EER I D W TS
L7 BT, HEICHW S5 N5 4 @ PHENIX #2350 L PHENIX (281 % pn ki
TOMETHEZBRS, TS u b FOMEICHES BIRT % 2 2 —F VB &RE (Muon
Arm) OREREFETH 5 Fa Y WINM (Nose Cone + Central Magnet) . 2 —7F Vilk
BB (Muon ID), S 2 —2 Y REMEE S (Muon Tracker) METNC, S 2 —74 v &
f1 (Muon Magnet) IZ2WTIXFEL  FiHT %,

2.1 RHIC hnEsR

DIEHE NIV

U U UCS U UMY

2.1 70y 77 vERLHEFTO RHIC I
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RHIC M8 (I 2.1) 13 3.8km ©> > 70 b0 VIS TH 5, RHIC 220
Rela- tivistic Heavy Ton Collider (MR FRAVEE A A » 22 AUNNHEER) &\ ) L6 bbb
DHEE DEIZRVX—DEA L VALZEHEISTEL S 747 - TA—F v 7
TR TH2LE2ELRHNE LTEEIINIIMERTH -7, TOMEY) v 7
212 siberian snake & WHXIL 5 6 & ARG A 2 7% E 2 E AT 5 2 & T, RHIC
IR R E LR T R L F — 500GeV, itV /¥ 7 4 —2 X 10%2em™ 25~ 1 Ol
B e RpEes & L COBBIT 2 2 ENTE %,

RHIC pC Polarimeters

P8 BRAHMS & PP2PP ()
‘ - ¢ Absolute Polarimeter (i jet)

RHIC ring

R S
Siberian Snake L,..=2x10"s em

70% Polanzation

Js=50...500 GeV

2 101 Pol. Protons / Bunch
£=207% mm mrad

Partial Siberian Snake

BODSTER

Pol. Proton Source
500 pA, 300 ps

¥~ AGS Internal Polarimeter

200 MeV Polarimeter
"\RE Dipoles

2.2 70y 77 vENLEFTO RHIC M ds

R DMEZ (M 4.3) IS8T, IR EV I D ES Rt H- %
LINAC(#UEMIESR) 12 X > T 200MeV £ TIEH T 5, ZOHREBET2IETEWOBHTLL
THIBIER O 7—2 % —ICEAT S, 207 =AY =12 & YRR T1& N> F G
ZED DS 1.5GeV FTHE I, X 51T Alternating Gradient Synchrotorn(AGS)
ICHEAINT 24GeV ICF TME#ESI NS, Z L THEANVFIE RHIC Vv 7D 9 LIREE
11D DY >~ 7 (Blue Ring) & KIREFRID DY) » 7 (Yellow Ring) IR D 777 54, 20
FND) v 7T 500GeV FTIE Sz eichks, 20X Rz Cmkmic
RHIC fIEZRTIER 21 ICELDDB L) BT 3=V ADBRONL, FFITE—L7
1y 7 LN % EERFEIE O 106ns(9.4MHz) 13, #HE T LI F — S MBE% LT
W3 T =% D A LRI, KO MY A—HTHORIEKIC L > T, EFICEER T
A=F =%, T N5ONEEICIEEZICFEL 2 9.4MHz ORMEEE237 1 v
JELTHHREINTED, Zo7uy 72lvwab I Tk D RERT L7 — 5 LM
AlRE L 2 %,
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# 2.1 RHIC fl#HE D TR 5 X —F —,

parameter

RARFELRL R F —
NI )T 4 —

)y T ORE
VT BNy FE
Ny F LY DFGTH
NYFDEZ

e i A

flF 22 £ 5
fEi22 o [l

500GeV
2 X 1032em™ 257 1 (500GeV)
8 X 103tem™ 257 1 (200GeV)
3.8km
120
2 X 101!
60~90cm
70%
0°
106ns(9.4MHz)

2.2 PHENIX #&i28

PHENIX (& RHIC JIE# £ 8 BEDALEICH I St ©— AHERICER I NS
R BRI T2 EDZDEODRINEBME AT LD 1 DTH5, ZOLEKX%E (X2.3) 12

NT,

Xl 2.3 PHENIX #Hi#is A 7 L 02X,

PHENIX (& T2 58 2 oD Gl & BN iz $ 2 S 2 — A R ae#E Muon
Arm (X 2.4) EHPETANCALET % Central Arm 12530 5415, Muon Arm 1357 €



16 % 2% PHENIX S 2 — 74 VEHEHE

T4T4 21T, 1.15 < n < 2.44(North),— 2.25 < n < — 1.15(South) Z7&\>,
Central Arm & | n | < 0.35 2% 9, Muon Arm 13 p K 1272 Rl L 7 i 8 s A
7L THY, Central Arm IZFIEF, . ~NFev (r, K. BT) 2BET 270
DY ATLTH S,

23 Za—AiEHsEEE  Muon Arm

W AY VORIEICE W TEEZEEZ2H ) I 2 —F UHBidsit (Muon Arm) 12D
THHT %, Muon Arm S 2 H Wi A7 bax—=%TH D, k&G (Muon
Magnet), pbFREMRHER (MuTr), whiF@3alftids (MulD) 225K I 5,
T N 25V FBREDLEDII Fa YIRINHBSEEH VS Tv 3, Muon
Arm (3225 %2 S FRICALENCAZIE 3 % North Arm & FMIICAZIE T % South Arm D
A XDE 2 D3F— DR 2 K> 72 2 DD %2> 5%, North Arm 1% South Arm
ICHRT 15 EREERTH 5,

South Arm North Arm

central magnet
MuTr MuTr

M}  bbe

B

I]]][P nosecone
L -

s

|
=7

2.4 Muon Arm DX,

23.1 NANROYVIRINHE  Nose Cone * Central Magnet

TRICKDELCZ2REDONFRYIE W RY YOREICBWTRRDNY 7757~
F&7% %, Muon Arm IZAB N Fa Y ZEREL ulFDAZET 7O Muon Arm D
N2 IEL < 29D Nose Cone, Central Magnet & FEIXIL 5 2 DD N Fu VWK 23
REINTWVD, BHEETHEAEL A TIEE T NeosCone(#il), Central Magnet(#k) O
EZI12 %, 3o OWRINMIC X 2 KGR IZ~5 FETZ DR T/ Fa v o8k 1/100
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2.5 Nosecone & Central Magnet DAZERI R, 2.6 Muon Arm B} 3 Fa VR 04

A48 (North),

7%, X125, X2.6 l& Nosecone, Centarl Magnet Z 12 WD ERIRZ R L 7z, £
231 ICZNZENDRINMOME L IEAZRT,

#22 NFurRINMOME LEAR,
North South
NFa v | WE O ES em JES em
Nosecone Cu 20 20
Central Magnet | Fe 60 60

232 uRIFHEBIREEE  Muon Identifying Chamber (MulD)

MulD 3 End Cap Z2&® 7 5 @26 % &R T, 74 Vv —F = v N— L PO T
1 BZIBR L Twd, 5 EDF = v N— IFEHERISEN T2 6 gapl,2,3,4,5 LFEENT
W3, ZFEOMIZIE 10em F 7213 20cm DJEADFEBFHFAINT VS, 2D X IR
MERHITHE I N T WS DI,

o gap [HZ DB WVWT I v XV /N TELHICT S0

e Nosecone MU' Central Magnet TN L 2NTEREIKITTE N Fua v 2RINT
579

o FEDEE CHEMBTE L VLHKMNELWZZ LY —D i FIc L THRETE 3
£ T B0

EVI)BHBH B, T MulD @ 1 JEHICEREY % 720 B uhi DT %)
¥—13 1.9GeV THH, MulD 2 I X TEZHKTF2DICHEz L u DI F LT —D
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gk 2.7GeV TH %, 2712, E—2atficiho 2Rt DBI% & L T South Muon
Arm NTOBSKIGEZ 70y P L0 DE2 R L, £23 2K EOME LEAZRT,
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2.7 South Arm DRETIIGEK & HE KD 6 DHEEORR, #RiFH3 N N o IR,

#23 NForBRIMOME LIER,

North South
N B RN E JEZcem JEZ cem
Muon Magnet Yoke (End Cap) | Fe 30 20
MulD 1st layer Fe 10 10
MulD 2nd layer Fe 10 10
MulD 3rd layer Fe 20 20
MulD 4th layer Fe 20 20

2.812 MulD @ 1 2D gap 2R 6 AN Z#¥ 5, 1 DD gap 142D
large panel & 2 D® small panel 226 7% ) | ARG Z % T72912, HEHR» S R
THaDSEE 5 X9 ICHEIN TS,

ZNZND panel 1T 2pack EMEHEN D T A ¥ —F = v N=DIKF A & HEE 51
ICHLEINTE D, 2 ZUEREEHRIBH NS L) RSN Tw 3 (X 29 EXZ
B, 2pack 1& 2 KD larocci T 7 AF v 7F2—7D6KD, 1 2DF2—71F 8
DDENPSIKD, 1D DENVIF 1L ARDT ) —FI7AY—2RO27 4 —F = \—
T, 2pack X 2 KDF 2 =7 %P0 T oL THRETLIHICE>TRILVERLVDTD

BHIRO LB E>>, FU 7 MEREAE A2 L5 10 TRLTHS (K2.9 T
SI0).
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2.8 fHZRD 5’z MulD @ lgap, 4 D large plane & 2 #® small plane 2>5 7% %,

MulD DEIfFERIF 4300~4500V TH 5, HTAE, AV 75 v & ZBLKFEDRE
HATH D, HABEIERIZ~2 X 10* T, 2pack DMHEEIRIZ~97%. FV 7 FRRTIZ~
60nsec DHER I N TS, ZHUd, E—2L 71y 7 (106nsec) £ H bF 7D, Level-1
k ‘) H— ZET 2 2 EDHRETH B,

et L RIEEER 7T Tl 2pack(Grit 16 AD wire) DFmEAl (OR) 20> 75503
150 £% 1Z¥4IE S 41 MulD @ Read Out Card(ROC) ICEfGI N5, T 2T, HIT 3 {5
KR INBT OIS, 7=y 77I&EZ o5, BfEIE ) A X2kEL
BB EOCEHRIEZ RO OIC I0mV ITEREI N TS (MK REFOREIIEF
500mV’\'1V) ty b EHRIE Ny 7712605 EFFFIC, Level-1 MY A—%1E2
7212 b Y A —ERRNKIZ HEE IS5, MulD @ ROC 1 Level-1 b Y A —23%{71 &
NzL, 204XV MBS 57 —%% PHENIX © 7 —2IUEEY 2 —)L (DCM)
WEET %, 2pack 2 1 DDEFERSZ 2D, 1 8cm & WwIHHWEETHAN T Z &
7%, LU, pbifFa RN 28T 2 B0 EEELDIADY ) 232 DR
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iy //% Y

| ‘g 7 I top frame

side frame mid-plane

Cross section of the MulD panel

anode wire

; 'j / jacket
13mmI“.|||‘|||'|"/
LLLLLLLLE— 5

‘ 83.5mm

Cross section of the plastic tube(2-pack)

X 2.9 2pack HEDWIEH, 8 DOWALIA Y —F 2o N—DLy b2 FT5LTHELTH 200
bhb, TOXHICTE I ETHRIZIEEZ LIF. FY 7 FREZESLTWS

ThHarlw, FIAT—AF55E L THE) cid TNLL Bl gl UIdbEi v,
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233 Za—AVMREMRLEEE Muon Tracking Chambr (MuTr)

MuTr ZAY—FA MYy 7HALRLDIA XY —F 2o N—ThH s, X213D L9
IZ 350 station 25 RER SN, zBlIcZ2W L TEBEICRBEINT VS, B2
Ji7» 6 station-1. station-2, station-3 &FES, Z N Z D station 1& 8 DD octant &
XN A REED HIRD | 2.11 ® X 9 1T octant (FFEIZ 2 DD half-octant 1257531 T
W5, 2.12 @ X 9 IT station-1, station-2 (X 3 DD gap. station-3 D& 2 DD gap
PHETETCNS, ZNZEND gap X7/ —FI7AY—lHE, Nz 2 OAH Y —F
Z MYy 7 HTHREINTWS, & gap i3, BIZEAIE D5 gap-1. gap-2. gap-3
LIPS

South Arm

station2

station3

2.10 Muon Tracker @ station i,

% gap O AY—FA MYy 7 2 K ZNZ 4 non-stereo plane & FEHXN S &
stereo plane & WL 11 AT & D HEK I 41T %, non-stereo plane TD A Y — F A
FU oy 7R 2,14 1289 K9 IZHEIDILTE D, stereo plane TOAY —FA MY v 7
2 L TALAEEZ O CTHlbTwd, ZHUl L > TR FOmEEMED 2 X
TLERBME oS X H Ik >Tw5b, stereo- plane THD DM gap HICHEZ 2l
ICEEFEINTE D, ZEHEOFH A XY MICBT 32 AEEZIES LT3, MuTr O%
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|
Octant3 West

East

half 2 half 1

7
ch;amz
half 2, 7

7
7 half 1
7

Oc'rd’nﬂ

2.11 Muon Tracker ? octant i, fifZ¢s 2.12 station & %% octant DHZERIGR & gap DAZIE
5 H72 South Arm @ Octant & half-octant @

1D,

3 gap
(2 gap @ station-3)

1 octant

2.13 octant IZE |} 5 gap #ili, %% octnat 1& 3 X (station-3 TIE 2 ) D F = v N—DEEE D
THYH, ZNEFNEEFAICA R Y v 72N t 7 non-stereo plane, Z1ULZxf L AE %Ki/ 7
stereo plane, Anode wire J&T 1 gap TH %,

V—FZAFYy 7% bmm HE Ty F v 7 3N7HTH 5, A LIE Istrip EIXL
TiIT>Tw3, 7/ —FI7AY—HICE 74—V FI7AY—RPER AT A ¥ =25
HAZ 1lem BETERESUTE D | non-stereo plane TDOAY —F A MY v FICEERTT
[z WTWwd, 74—V EF7AY—DEZIZTS y mTHIVBEAYFI VT ATV
TTETWS, LY AVAPY—IZBLTUIERE20 0t m DX v ¥ Cu-Be TH 5, Z
D7) —=F IAXY—=,AY—=FAMYy 7OMMEIE 3.2mm TH 3,

MuTr OERRIZBL T OEGER SR E > T 5,
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o J/Y DY OLDOIHE Y (1S) D Y (2S,39) »5DIHEE. o, w D ¢ DHD
gay: i

o X7 LAY B LT, 1 /D run THO RIS S 115 721 D signal-to-
background &7 727 ¥ v A,

o Au-Au DHULHEEDEFICEWTH, TaaREsERETr 7y 720256057
\F D& occupancy 2MF 6415 Z &,

N6 DHEFEIC K D MuTr 13 3station DAY —FA MYy Tisat L, HD gap &
IR SMAEDORA M) y T HAERS>TWS, £/, ZNX Do 5FH I MuTr &
WHDKETTIE W KT OFANIREE L Tk orz, Ledi> T W R Fkilore %
B57DIFTYA v EOEREHETH 5. non-stereo plane TORLETARE 100 ©
m. stereo plane TOHETMERE 300 1 m DERI NS,

Gap 3

- w? [T AF—vav | ¥ry7 | Al (K)

[ | s 1 1 -11.25

Anode wire 2 +0
< 3 +11.25

q 9 1 | 475
/ 9 +3.75
vill 3 +11.25

v ; 3 1 -11.25
]'4‘-1 11-2?5 2 12

214 AV—FRM) v 7OMHE,

station-1. station-3 ¥, FRANZ A LR FNIZZy F Vv 7 INLHHD A Y v 7%
F— &R D AT TWw» A D station-2 3L EHHELIC X 2 B 2 R/NMNRBICIIZ 2720, &
I254m DA T—FANWICAN)y IR =V EFTIZyF 7 LIzbD%EHWT
W53, FDEZIE 600 ATHD, BRI 0.1% LT Ek>Twa, (BIfElZ noise L
RVEMAZ B 7DICTIVIATRAZE > T 570, BTEOBEEIX 02% TH 3, )
A AN Ar:CO2:CF4=50:30:20 DIRAHD AZHTW5E, ZOHNARARETHY . A
W77 b —fEIEE R o T\WwBb 2 &, FU 7 MREDS 60nsec & oW E, v—L v
VTPV ITNADNI W EZEZEL GEIEN, BIEETEIX 1875 1925V TH 5, MuTlr
HoOBAT DA LA (Current FEE) ICEWT, 51 CPA(JHGE 7Y 7~ 7).
AMU(7 e 75 Er=y ), DCM(7T—2INEEEY 2 —)V) D 3 BRIEZFETHiA L
DEIxbs, FTAHY—FRMY vy ZISHERS B CPA 2/ TR, B
(BIEFE L 3.5mV/fC) ST AMU IZ 64 ¥ 7ADEZ 615, Level-1 bV A —13
FERZITMNS E, 2206 TYZ Nt (11bit ADC) il 4 > 73 DCM 1T S
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ns,

MuTriZF+V 7L —>a vz A7 L2 >oTws, 2D A7 A TlE MuTr
O—FIMU GEAH LD H 2M) 7 ) —F7 4 ¥ —ic, W5H» S EROHFMTE 5
WK DESZ AT S ETirbnd, ok DAC Dfizi#fidTs 2 LickD
froisd, K215 T AP F 2 v N—=IZTRFE LX) 7L —> a YULAIK
AL X L7 strip DIEFZRT, strip IR IDPERL 57207/ —F74 Y —LDA=R
WEREZ, ZOOEFTOR X strip LW EH->TK %, MuTr TIEHZiE T fFRE
Z RT3 FOEBIIN L TESH > 7 strip TESDREIDHLZ KD
ZDEN, strip T ERKIBEDKRKEINEE > TEELLELERD S 2 ENTER D,
MuTr DF ¥ V) 7L —3 a3 VIMETDOKRKE XD strip ikFEEZ KDL Z Licko>TZD
WHIEZITZSEHICL T3,

2.15 HfF A b F = o N—I2THREE

AV —FAbYy ZFICHFERINLEMI L &y MWL TEE 2, 3ANY v 7ITA
35T\ %, 4% Mathieson Fit 2% 2 & CIEMEZR R F O BEEREZE2 2 &8
k2 (X12.16), ZDFET 100 4 m DAESREDRSND 2 LIFT A FRVFIC
BOTHERINTWS, 2oL ZHRECKR 008, BMPIFHELI L% strip DHFTHRD
% BMEPFERI N strip (E—Z APV v ) IZWHTE/ A XLV THSE, b
1% DURCAFUE 100 4 m O ESREZE2 2 EBHER W, FHREI N2 EMD
BRI 221 100fC TH B 728, /4 Rx 1 {fC LT TH 2 0ENH 5,
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{ Hit cluster @M Mathieson Fit

2.16 Mathieson Fit : &ty MIEDEBIZIT 54 XA =YK

234 Za—AVEWBEA Muon Magnet

S 2 —% vEA (Muon Magnet) T 6 biF%2 3 DDA TF— a v TS
5 Z Tk o TR ORI 2 R L. 2 OhsRd) S RiF-oifBjiE2 k% 2 LA TE 5,
Sa—Fv=r %y MIERZaAVIROBBOTH D RK0.75T - m O % Je4d
SELHEPHKS, K217 kD 22— v 7 — 21200 5538 (radial) A%
FWTW 5 EDTD 5, Muon Magnet 12 & - CTTE 25010 2 I3EIE (radial) /7
] % [\ T % 7- DR 1 Hﬂ (azimuthal) 77 1A01Z il f%ﬂ% EoT, ZOHMIZE
WAZE M REREZ £ & ) ICEGEF S T B, 7 PHENIX 12 & 2 BEEED LD F713 2
TOWYTH5, BEFAZEFRELT, 28l —2531 71T ’)’Cilﬁfﬁl%bﬁ“(%b
y Wilii% k1 Z SEDHFR T, Xiﬂiilﬁfﬁ%i)ﬁu_tﬁo“(b)%o 0 (polar angle) (% z Tl
EDRTATHY, ¢ldPEZ 0° &L, W2 180° £ ¥ 5, 23413 a—Fv7—4
D 0 FAD 4 FICE T BRSRSS ([ Bdl) Oz % L7 bDTHB, LD, 00
NS OCTEIRD TT WS DSR A Te o T 5 2 &0 5,

# 24 Muon Arm B 2FSHS. 4 50 0I12B I 2ETHAIZ Tm,

6 (polar angle) | 15° 20° 25° 30°
North Arm 0.731 0.492 0.359 0.276
South Arm 0.774 0.494 0.344 0.255
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_"‘-\Y_.
PH ENIX

L I L I I 1
4.0 2.0 0.0 2.0 4.0 Z (m)

*

2.17 Muon Magnet I X 2085 & B & % S o —A v iS5,
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BI3E

1—A VRIPREESDAUERERE

n

FT2lx WHR T2 RBEgoEEEIE S 2 —F v ¢ L ORI 2FCRET %5, MuTr
N 7% @i L 72K 11 Muon Magnet IZ X o Tl 54, 2% 3 DDA T— a3 v T
T 228Ick>T, ZORBVEMRLINS, Lo T, Z0h#Ed» 5 Mulr B%
W L 7R OB R 2 RO 2 HBHHKS, DFED, 3ODKERAT—> a v TONED
fRre & . ZNZNOMNALEZ IEMEICH 2 Hid ik L RO #E) & 2 PSR T 2 BRI
ODTHETHS, LA, 2O WHEBRORMIZI ZITH 2, P MuTr ToH#HE)
HHGEE, WEBRICE W TER I L5 MuTr DA EDREEDME & BLRICOWTE K
45,

3.1 MuTr & T2 EEBER N AE

MuTr HZ T % S 2 —A v iEI a—A =7 %y MZX>THAENM (azimuthal
direction ) ICHIIT 6N 2, COMEZMET 2HTHAIT I 2 —F v OE)R % [FE
T 5%, ZOMEZERMWICTHAMNT % 72 ®I2 sagitta &\ ) EZ W%, sagitta 1 stl &
st3 Dt v b HZEMRICHEA LD st2 ICBIT2HNTRE st2 TOFEBEOE Y PR LD
EOTDETH D, O sagitta [FKF O#E)E EHEIDIH D | sagitta TD AL IZHF
DR ZHZHENTE S, AT sagitta DEHGEOFEMZZE T,

X 3.1, 3.2, MuTr T3 a—F v D iiftz R L T3, station 1, 2, 3D
by PEZZNZNA(x 1),B(x 2),C(x 3) £LTWw3, sagitta 3§45 BC TH 3,

K1icdhsEHic, 11 Eidstl & st2 DEOHEECH D 1 2 1% st2,st 3HIDHHEETH
%, Ta—FVIEMEFAICHEZ DT, X7 bV BS 1ZZDOMEAAIADORT TERS
N5, 2R, B72blE3RITLRITDORT7 FVON, MEKFRDOARZEZ 5 L sagitta
AT ORDERICA A 7 —RE L TERI NS,

sagitta = |BS)| (3.1)

1
= 0 {lo(z1 — x2) + l1(x5 — x2)} (3.2)

Fro, BAERNCSAT Ny TIHE T 2 LU oA E Tl % <
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o LI
Ill'_wln-:
= i/ 2
1 B
e A
:l@’- ! i 2 1
b =T
=] v
= 92'1 i ; ]
Akt .
! 'li I : N\
(B lesapomz=® | P
U - 1 ]
1 1
1 1

3.1 MuTr WIZBIT % 3 2 —74 » DS,

station station 2 station 3

3.2 MuTr WIZBIT % 3 2 —% v DR,
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A hit on stationt

B: hit on station2

C: hit on statin3

O: #AACDHH =

P: 20 ACEER7TOBEDAR =
S: #R7PACL station2 EDE R
- EER AR

: Ll
tta = — 3.3
sagitta = - (3.3)

72, MuTr NCTD S 2 —A v OFEFHE (ptr & L TER) L iFLEE L OMICIET
DEE 72 BRI D 320,

pur = 0.3Br (3.4)

ZIZTEI. BERuGomschs, Lo 2o0X XD, sgitta & p, DEIRIZ
IVENOY = e

S

l1l5 (0.33)
= = 3.6
2 DPtr ( )

D% D sasitta s DEDTIUL MuTr NTOD S 2 —F v Oj#E)E ptr 25K £ 5, %
7o, ptr LW MuTr NCTO S 2 —F VOEBIETH D, RKD I 2 —F v OjdE=E I
FayiRMoh Tty —u2z2 L Twnb, LAEB>TEREDI 2 —F vzl
¥—% E & L. nosecone & central magnet ICEIF 2R VX —0 A2 ZNZTNAE
1. AE2¢35%¢E,

lily (0.3B
pe =" (227) 3.5)

E =E, +AF, + AFE, (3.7)

¢ﬁ+mﬁz¢%ﬁwﬁ+A&+A& (3.8)

Muon Tracker DH Tl WINM DORIRIZ L > T I 2 —F IFHAIZ 2 GeV DL ED
EEEZR> T3 EENE, ZDOT, MuTr A TOZ LT —m ZIFLTFORD & 9
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30
b, IR EPNICE 2 —F v OERIZERT2ESHRS, FE=AFE+AFE, =

et
1GeV TH Y. /P2 +m2 = p(3 m, = 0.106GeV < p) TH B 5,

p:ptr+AE

= (05 o0
S

3.2 Muon Arm DEENE D HREE
124% Chamber DB AERE & S 2 —

Muon Tracking Chamber O 5 &7y fFEHE
AVt Ty - A%m@AFU/WWM%LmLtﬁfwl%w# RAHFH
B, ZLTT 74 XY FOPREREICE > T

sl—ﬁ‘/bﬁyﬁ—mf‘@%iﬁﬁmwa\
WEINDLEINTWDE, 2T MuTr OEEIESEIEDOEH I OW TR 3,

321 BIa—AVICRIIZEHESBREDER
p =12 (938) L AF X0, MuTr 0B 2 SRR O RG> TU T O &
DIRRE L BRI D720, 8% p

2
IR o7, £, EHEE p I 2 HNERER

ZHl 5T\ 3,
2 2 2 2 2
o\~ [ Op Uptr) < op ) (UAEz‘>
) I + 3.11
<p) <8ptr) (p ZL: OAE; p (3.1)
2 2
Uptr OAE;
= + —— 3.12
() -2 (%) 61
_ (&)2 (&)2 +3 (UAEZ)Q (3.13)
p DPir p p
2 2 2
(2T
p Der B p
TETE S,

. F9 MuTr OOREE L T2 VX —a 2D EENEIC

322 Ea—AYREMRHLIFOESEDEERE
Muon Tracker N ##Eh i 1% sagitta Z T TR THEE S,

lily (0.33) (3.15)

Pir =5~ S
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L7h3> T, 2D MuTr WOEBETFREIZ DL FORRICE T S ¥ %,

() =S (5) (G) - (5) (5) -+ () (G o
-2 (7)) () o1

2D MuTr DR S DIFE WS ORGEICBIY 2 HZ A L TR ol & e ) SERIC T
LT, fESIERwAS, 2 2 CIRRERBO TIERBED + 25um HoME~ v 72351ERE I
HonTseEL, To220HZME L 7, DR, MuTr O#E)E I HHEIL sagitta DR
EDRMET 5 LEZGER RT3,

F 7o, DAETICIBR 72 X 9 1T sagitta 1345 station T Hit position Z W T T D=
TEFEINS, fE> T, sagitta DITEREIZLL T DX TRTHIHK S,

C) () ) (B .
() Gy Gy (3) G
+ <%(5€3 - 1’2))2 (USZ)Q + (%(1’1 — xz))2 (0;)2 (3.19)

LD, sagitta DERE X4 station (TR 2 P M DOALE S EREIC X > THRE
N5, ZIT, 320D station M THEZ 1T X 2 0MEENDE % § X T station 2
DIfROHRANE Lo, HIZ station 3 TONMEDTFREIT station 2 TOLEBELIC X 5 )4
D3O DINREZIT 2D EFZ B LA station (ST BOLESEREIZLL T D X HIc&T
HOHK S,

station 1 DAZIES#EE = cthode strip chamber D43 fRRE D A

Uli
li

Oz = Ostripl

station 2 DAZETEAE = cthode strip chamber D73 fi#fHE + station [ Alignment
TRIE K S

Ogzy = Ostrip2 + Orelative
station 3 DIZIET#RE = cthode strip chamber D3RS + st2 TH % EBGEL
O3 = Ostrip3 + Oms

L 72235 T, station2 IR 5 L HEEELIC X 222D \WTHE X %, multiple scat-
tering IZIXDOXTERI N T3, station2 TORPREIZITLA DT H A VIRIZ 0.1% T
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HAED, ZDHB )AL ANEDLDF 2 v N—FHAICT VIR LE ioTwa, ZDBE
MMz X DBETIE N =2 ILOBERIZ 0.2% &> TWw3,
DLED XD iR %2ERE L T, sagitta DDREEDEEA LR T LD TORRLER S,

2 2 2 W2 2 2 2 2 2
(J_-; ] — (i) J.m'ipl + J.wripﬁ + J,-ﬂ'a,rfw ) + (f_[] J.'c.r.l'r' 33 + (f_[) ( nis )
s L iy 5 ) [ s L s L s

EUR

DT, Fchamber® 7 WA AL E 3ARAEIL100 o mTHDHHE, FstationlZ B i15
friE S fEREIL LA T D X5ic/es,
100 _
Curipl = Tairipi = 73 = §7.7[um)
100

Outrigy = E='ﬂ].?[,um]
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323 IXILF—AOADRHEEN

Z 2Tl Muon Arm DB EFMBREZINET 5D ) DO FHEMETH S, ~NF
O YRIIM TOZ RN X =0 ADRHEEEICOWTEKRT S, ZITEETSLI N NFrY
WM E1Z S 2 —F > b7 v A—ICABHNICHLET 5. Nose Cone & Central Magnet
THY, ZO220PIMTOZ RV F —1 ZADAMEENEIEZNZ ZD MIP 226 UF
DRI > TR TZ 3,

e Energy straggling
2 —
O AE. /TN
Do AEABMRE)1GeV
i P \ moun magnet
nose cone

%
RS g gD

122
2 _ (1 B 2’9 ) 2
OAE = 1_3 Ty
' classical electron radius = 2.817 x 10~ *em
. Z . - electron mass = 511 keV
o2 = 4nNyri(m.c?)’p=z :  Avogadro’s number = 6.022 x 10%mol

A
4 2
= 0.1569pzm[MeV ]

atomic number of absorbing material
atomic weight of absorbing material
density of absorbing material

v/ ¢ of the incident particle

thickness of absorbing material

nER ANz

DEDODKD»LS 2L X —u X DAHEEN X Nose Cone TDOAHEEM: & Centaral
Magnet TONEE E DR L EDETH 2 H T 5, XIZ Nose Cone TD I )L F —
0 A DAFEEMEICDWTELT 5,

B2 Central Magnet TO L3 )L ¥ — 1 ZDAHEEMIZOWTHE T %,

DLEDFERD S Fa VIR TO 2L X — a2 ADNMEEEIZL T OATERYE 5,

ZOXPENA RO VIR TOZ 2L X — 0 ZADAMEE M S 2 —F v DRt Ak
BT 5HEPO»S, £, HB2HEOMBICLD S 2 —F v OHEBBIENKE 251N
THFLA FT2HEPOIS

3.2.4 Alignment ;REBEZER U= Muon Arm DEEIE S REEDEIE

DL ED#EHRD & & i 7% Alignment PEFGEZ HJE L 72 1 TD Muon Arm OiHH)F
DIRREDOMEE T 2 2 3K 5, PAUTIC North Arm I8 5@ @@y ffee 2 £ 4%
T 5,
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%3

Energy straggling of the Nose Cone

AE, — (@) xpcux::(msemns]
Cu

dz cosf
= (1.403 x 20 x 8.96)/ cos#
= 251.4/cosf[MeV]
; 1/ p\* Zew  z(nosecone)
z b ZCu  TAMOSECORE)
oap, = 0.1569 x 2 (mﬁ) ® Pou X Acs % po
B 1/p)\ 29 1
= 0.1569 x 3 (m_}‘) (8.96 % 55.845 x 20) o f
absorber nosecone (Cu) ] 2 9304
z(thickness)[cm] 20 = 0.1560 x - (1) x 2o
pldensity)[g/cm?] 8.96 2\m, cos@
Z(atomic number) 29 7999 2
Afatomic weight) 55845 = X (1) [MeV?]
4E (energy loss)[MeV /g/cm?] 1.403 cos My
X, (radiation length)[g/cm?] 12.86 _ 7209 P
1062  cos#
-4 PE
‘ = (650x107) x -t

Energy straggling of the Central Magnet

dE
AE, = (%2 )
- () o
(1451 x 60 x 7.87)/ cos8
= 685.2/ cosf[MeV]

z(central magnet)
cosf

S 2 — 7 VR R O A7 EPE RS EE

B 1(p- AE, ! Zre  z(central magnet)
s, = “‘1569"2( . ) X R T cosl
_ 1 (p-AB) RS
= U.lEﬁsz( ~ ) (7'37):634546*60)0059
absorber central magnet (Fe) 1{p-AE\® 1932
p(density)[g/cm?) 7.87 -
Z(atomic number) 26 _ 1516 (p—_ &E') [MeV?)
A(atomic weight) 63.546 cosfl m,
45 (energy loss)[MeV /g/cm®] 1451 15.16MeV?]  (p- AE;)?
X,(radiation length)[g/cm?] 13.84 = 1067IMeV7] )
_ 2
= (135x107%) x %
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Energy straggling
DED, THORVET
OTAE, : OAE, ? TAE. ‘
(%) - (—') (%)
1. p p p
v, ) _ 2
= (6.50 x 107%) x i +U35xw<ngLJ¥El}
cos cos
( 50 x 1074 (1.35 x 1079) (p — AE,)?
cos cos f p?
(650 x 107) uﬁaxm*)l_u%mwaq2
- cos f cosf pcost

2 2 2
Op AE p—AFE 9 0.255
— =(1- 4 X1
( p ) ( p ) (154Bl(9) o3 07"+ Oretasve[ ] + (p — AE)?cos?0)

+(6.5O X 1074) N (1.35 X 1073) (p — AE,)?
cost cost) p?

(3.20)

CORIFUTOZLERZRBL WS,

o B aﬁfi@ E) DEOWECHE 1 HO MuTr ORE SR BT 2
BRI 7L A, FE2, BIHEDI R T — 1 ADAMEEEI LI ZIR %
#£7., (93.3)

o MEBJ R TII T FLX — 0 ADOANHEEME T F LA FLE 1HD MuTr DN
B REEICBE T 2RO P T 02, 500 DIIRDPIKE AT 2, (IX13.4)

PNz, 2ox%7uic North Arm 12 &) 2 FHEE OB RS HiEZ Ko 7= [X %
Y 2 TRREANHEE %4 Chamber DI EDREER XA M7 3 —<2 VA TH S
100um ERZEL. T a—FrOitH&IZ 15° & L&

RICFED ) A AL V%A v 7y b Ly aIb—yayTRE S 150~170um
k“’?ﬁ%% (X 3.7) Z T, North Arm |28} 2 EBEEMREZME T 5,
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?.046 miss#lignmcnt&ﬂﬂum-
‘§ missAlignment 200um
@'045 missAlignment 100um
2
E — missAlignment Oum
3 —
e.044 —
@ —
E -
o -
E »
0.043 |
N JEC I G B Al Tl
0.042 1o station []ODFE {7 D K BE
’ W XDA L TN DT

0.041

3.3 fRoEB) R

o
K

missAlignment 300um | |

missAlignment 200um E Eﬁ@ﬁfﬁiﬁ'ﬁﬁ
; station [H] AR KA
N IS,

missAlignment 100um

s missAlignment Oum

momentum resolution [%)]
[=]
W

0.15

......................................

0.1

ITHIIIIIIlI[T]lII]II[I1I I

0.05

......................................................................

! T e
P [GeV]

3.4 EHBIEEL ¢ e log A7 -V TH B,
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E 0.45— 2: missAlignment 300um
= — S
% 04— M;s;@@é missAlignment 200um
] —
20.35— missAlignment 100um
E —
_E 0.3 missAlignment Oum
2 -
E 0.25 E_
0.2—
015
0.1
0.055
0 20 40 60 80 100 120 140 160
p [GeV]
X 3.5 FEEED /) A AT —% %724 chamber DNOESTfERE
" 16
=) s
1| Simulation
| | —— Data
12+ W
- ‘
10+ ut Lo
8t «
: !
L I
6 I e {
— T
ul IR
4 - -
u ] @
2+ . .
o et ®
- oTl‘].l.llllllllllllllllllllljlll1 Illllllllllll
) 0 5 10 15 20 25 30 35 40 45
p_(GeVic)

3.6 EBED ) A XF—% %M\ 724 chamber D7 E S FHE
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o= gap 0, cathode 0 ' =
ansf- | —— MC_noRmaScak =
P . —— MC_RAmaScale
;
aRsf- H =
- !
! E
amsf- ' E
'
e~ H E
; E E
asesf- =+ =
F + t t =
ek £ E
£ ¥ 3
oof- E
nos— —+ E
s + E
oazf e 2 E
s =+ =
3 E }
D 3
DEB:- -;
oo —
samf- E
nezf- E
E
s 3+
a0t +
L1 == P ==

EE]

3.7

EBED ) 4 XF—4% %\ 724 chamber DALiE 5y fRAE



3.3 NpAMEMIES AT L (OASys) 6D 7 70— 39

33 HHRGEMES X7 L (OASys) HSDF FO—F

PLETFRBED SERET T RREICIE L TR WE KD —2 & LT, FEiahoihEZ2 b4 I X
D MuTr DV EDPENCTWEHEBET NS, 22 TMuTr DF = v ¥—7 L —ALICHL
D AT & 7R EATIE S 2 7 & (OASys) I2X b HiED MuTr O#) Z 28114 2
T, MEgREON EERA L, ZofiTcid, EAMEMES R T A0, T—
FINER, Z L TE2NZMHo FHEBEOHBHIZOWTIERS,

PHENIX MuTr

Station #3

Station #2
Station #1

Optical Fiber Convex Lens CCD Camera

3.8 %?iﬁﬁuﬁ%ﬁfbyx%5®@ﬂ%l Stationl 2R, Station2 2L » X, Station3 T3
CCD A A903% D, Octant ZEIC 7THTOHRBEINTED, 7 56 fHHONXERNREI N TV S

3.3.1 OASYS D8Rk

Het AL B IE S A 7 4 1% Optical Alignment System (OASys) & W41, North
Arm. South Arm IZZ# ZHVER, L X, CCD A X 76 7%% 56 flONERD S
%> T\ %, Stationl IZERIE I 1172 EJR%Z Station2 1I2H B1L ¥ XU L D K2 IH X
¥, Station3 I2H 2 CCD A X ZI12L D, HOBROEEZZHET 5 Z é: T MuTr @4‘95@
WitiER L2 €= =TT LB TE %, CCD A X 7% Station3 IZIZIFFEATITHLD
fHF T 3728, Station Pl LD T L 2HIETE %\, PHENIX r“,T,\ BV
TG h O ER I EE 2 BT, JuoEE RIS L 72Xy 7 2%, 20Xy



40 H3E I a—A UIREMRH S O AL E R R

7 BRZWET 5 L THEIEPRON S, Station D Z JjAOE) S 1 3EB)EHIEICS A
557803 XY RO ZICHARTIEFITNI O TEREL 22\,

station 1 station 2 station 3

>-

e

-

< >
< 7>

3.9 lense

Station3 ICRE I LT W5 CCD A X 713, MuTr OEERETO, BEMERE %
EIET 2L, KDOBOFLIECCD ARXFDOHFLLOHIVBETNLG I ENEZ LN
5, ZD1®, CCD A X7 Off&INIZ 77 ITJA & 2083H D, OASys THWT
W5 CCD A A 7 7 OFHRIAIO A ZNHIFH IE 8.8mm X 6.6mm (768(ZKF- Fa1) X 498(H
EJ7m)pixel) TH 5, (Ipixel 720 11 u m(AKF-J5MH), 13 4 m(EEJTH)) CCD A
A Bol ARy MERIZ DAQ PC IZ#Es, TP NLT—F L LTHNSINS,
MuTr F = ¥ 23— stationl IZIFEIHRHRE I LT 5, JIHE LT, 7 74 /3—IC
EFoTHO L "a T vy 7hodizfHLTws, 7 74 N—DaT7 DA
£e03 62.5um, 7 7 v FOEZED 125um ©aA7 /7 7y FHT7 7 A= —7VTh 5,
K7 7 A4 N=1F 150W DX Z oa’r v 5 v 7D A7 light source box IZHHE X 41T
ED. b —hidt MuTr F = 23— stationl IZEfI N T35, 2L T, 27056
DNEIET7 7 A 3—THLD I L T, station2, station3 D FFIANKG LT3, OASys
THuLNTWw B XYy v T v 7O EFEmIER 6000 K TH %5, MuTr F =
Y N—@D station2 IZ1E, ThL Y ARRBEI N T 5, L ¥ XIEE lem D7 ZHD
ML v A TH 5, OASys DNFEFRDKZRT, OASys DIFRICE VT, H»r 6 L
YAETOHHEE )1, LY X025 CCD A X7 FTOHMEZ [,, Ly Aol
L5 L TDEIEFROADPSKRE S, 1/(=1/11+1/12
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3.3.2 ERERTEDREE

OASys 12X > T CCD # X 7 ITl- 7213 Figd 1.1, 412 DX H Ik >Tw 5,
ZDNDBEDOHL (iEZE 30 FEICE=Y —T 5, ZOMBOHIMIEZIRET 570
WD &) FHzEt, ETREERZ A X LTOKRNYIFIA, FIEST AN H
L. ZNZNOREDE X b 77 L2l %, HRDOKF-F7HIE 640pixel, HEE T
IZ 480pixel T. 1pixel 247z O AFEAIAIZ 11 1 m, TEFIANZ 13 um &> T3,
FARXATOEBR ETOMRERZUED A FHEREREES, RICIODER NI I70%
LUN DBI%T Fitting L7 b D EHEHRLOAZ 70y b L7 DZHEAE 5,

| raw:arm=0 cam=8 Dir=1 |

N
I‘H\

1.5

0.5

displacement [pixel]

-0.5

\H‘\\H‘H\I|I\H‘HH|IIII|!

‘ 1 ‘ L Il l 1 1 L | 1 1 ‘ 1

5 10 15
2010/1/10/00:00 ~ 2010/4/22/08:30 [day]

3.10 Compare Peak raw with Peak fit Expand Sample Picture North arm camera 8 directionY

Z D Gaussian Fit OVHEZ ZDE R 77 LOHME, T4 EGEIHOEDHL
g e LTfi), LaL., OASys TFH I N TWw 3 L v XD SHEEE MuTr F = &
N—D £ station DRI X o> TH RIN 2 EEAHEE L ZE 2RI L T bWihEs
bH5, ZD7D, Figdl2DEIHIIZCCD AXAF ETIEFPTTRZZIHBR DS, 2
DEHBREBRDE R Z T Ll Gauss TAITIE RS BV, Z 2T, 1R e
WTIIHRDER 2 G L . oA Ol 2 H T Fit 2479 2 & CHLIIEZIRE T 5,
HARIICIZ 37, Gaussian Fit 12k D, TOER 7 F LDHIME (mean) & 7345 DI
(sigma) Zk® 5, Z LT, FOfli2 5 0.6sigma H L < 1 0.8sigma DHEiPHZ < D 52
E. R OETITN L THE 41 T Fit $54, 2OXIHICLTHSNA mean 2 xi&
2 EEROFMEE Lz, { DRFIZOWTOIRIAE 213, Gaussian Fitting D x 2 %
O/NIKT2 L) BEICERET 5 ERRZCSCDIKGTLE ), fiE > T, 22T
DREMDOREIZ OV TIHTHERT % L) HikziT>Tw 5,
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3.3.3 OASys BMEZR fc MuTr DEIE

MuTr 7 = ¥ S—{FEEFIZ 50 4 m-300 4 m BEHEFC LEZoNT0wSE, ZIT
3 TN —2%F %, BARIC Run9 TCTBIMIL 72 2h A 7 DXHOBROB & D 7
oy a4 HESEE T 5,

ZHUEZD octant IZRSTEARXFICBEL T D X I Rflimz W EnH K, #
DID, TI6MIFEHEL L2 H (I &) 2 ofEREDOH (#R) £ TDA% HT OASys
TEML 728 2EmL T2 EilT 5, 0 H2 5 90 HORTA X 7 HE Lo#) =
LT x AL y AIAHEISRAE 100 4o m 205 200 1 m BEBE)\W Tw3, £72, 93 H
MV TIRES 2 ZL L TV B DS, ZIUIENOZEFEL 722 Lick 5,

3.11 Compare Peak raw with Peak fit Expand Sample Picture North arm camera 8 directionY
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3.12 I think this long term movement as the rotation or translational motion or Monotonic

expansion of the chamber by the fixture degradation, land subsidence.

Movement of optics

Run? first of March to end of June
g_ave_day_al_c8_d0_oni |

gmg X direction

one day

A

e

Foy e
. "*rm t.c..lﬂ:\.’\. .';,".‘-l',‘.I I"‘.

o o
= -

CH |

-100-
20 w0 e 80 100 120
day from March 1st [day]

I'm focused the movement of the long
term. So, I treat daily fluctuation as

random noise. it means the error bar of

QASys become about 10 2 m

This fluctuation iy defined erm;t of lodg
tesm. . Wy

10 m

P

3.13 daily fulctiation
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3.4 Zero Field bSO 7 7O—F

Z 2 TlE OASys TR & L7 bt R O REGE L Y OASys DELHID IERIT DWW TE 2
55, JEMINIZIE OASys DB L 28 E ZHE L. #55 MuTr O REDGE S 1
ToREZRTENEL LV, L2L—HTOASys 1 i FTHOHAHEZHMEL LF =
YN—DREZHNIICEHES 2 D TH D, ZDHEEHIT 3 DD Station 23X
EIVTI7A4 VAV FINTOLEIEEHETE v, HEE 2 IEMEICHIE T 2 25121 24
X MuTr @ 3 2DRAT —3 a v OMMNZEZ IEMEICH S 22 U7 6 2 whs, ki
Yol ornl 7 v 27w, 7y 7 2HeTZ oMM EZFE L TE %, L
72035 T, OASys B F = v N—DFEjE & LRl L 728 Z R @&t a o >0
T—8% v b EGHTL. %h?ﬂ@?‘—?% v ¢ 3 D0 Station D% E % [F
ET 5, 2HLTENLT—F Xy MEDESZISHT, OASys »° Eﬁ(ﬁﬂbtﬁ"l
YRN—DEEFICHY T 2R 2L ZMEP SFTHEi T 2 HNTE S, 2D LI
OASys & ¥ulio 7 —% 2 HX25H T, TOFETIE OASys @ﬁﬁﬁﬁ%ﬁ%ﬂﬁ%ﬁff%o
COWMGEEIE oDz L2 HECH CBMEZFHME L, Z0BEEL2F>-TZznznd
HEDEEMEZI) bDOTHY ., ZNVHT LS DHEZIA LIE2HLRAT S D
TlEZw, WHOBAEEDORWEIER I N, I 6IFES bz HWTH? 7
A A b ZFT\O, reconstruct IR F D mass TAADRE I NLFEDHE 2L o T
B THfREEDUEENGIHEI NS, AETIZ, TTRERMGICBITSZ 7 v 7 2F]H
L. BEMIZED X 912 MuTr Station BDOMMALIEZ KD 502D TihR 3,

3.4.1 Residual DEEEZFDDH

How to define residual

exteri point

residual
rack hit st2 o
(\\;_, - track hit st3

collision

track |hilt st2

- ™
residual = exterior point - track hit st3

¥ exterior division is defined from 2 hit point (stl&st2).
\_ %

3.14 Compare Peak raw with Peak fit Expand Sample Picture North arm camera 8 directionY
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314 DL H I MuTr DAY 2 — Lz T % i Eh 1D stationl & stationd
D vy MIEZER TR O, station2 TOR A & station2 TD E v MMriEDHEED 2=
% residual £ E#ET 5, Z 2 THW 3 residual DE&ENIL, stationl, 2, 3 TOZNZE
o hit fLEIFZ N2 (x1,y1). (x2,¥2). (x3,y3) £ F %, 212 I stationl, station2
ST R

WS wigE, S a—F YOMPMIIIZIFEMRE 25, L7d> T, £ station DL
EZIEfEICHI>T0wE, DFEDT7 74 XV FINTWBHIRETH 5% 61, sagitta 1T¥
DDORDIZHAAT BT TH 5, TMMlEF = v N N—DNESEEE S 2 —F VDL HE
BELIC X o TR Z2E52o03, FuDOAEIZ Z Lo DRIRTIREID 22\, > THHD
DS zero 25 TNTVIUE, T42b B Z DR TOD Station FITOT7 74 X D
TNEMRIRNTE 2, Sl L7280, H 2B 2R T uliisT —4% @ Sagitta 207 D
FDMZENRE D > T, ZOHRIC MuTr F = v N=238jwWi-HE2 /B L TWw3,

WM ERIES AT LD A X 713 station3 ICHKEINTED, HIZICBIT 3
OASys N 124 T Station-3 IZEB I 2 THAiI N TS 729, T Tl stationl
& station2 TOE v FMIEZER TR, stationd ~DIHFRL & DR L stationd D
bty MIEDXA%Z sagitta EWFERZ LT 5, Sagitta Z Station-2 ~DOEFE L L7
HLEHERT, ZORESEN 251225,

[ sagitta_w_s3_a0o7h1 | sagitta_ w_s3_a0o7h1

Entries 61723

E Mean -0.01069

900 — | RMS 0.4759

= »H 2 I ndf 899.4 /493

800 — p0 639.1+ 6.0

= p1 -0.01687 + 0.00123

700 — p2 0.1431+ 0.0017

= p3 145+ 3.9

600 — p4 -0.007468 + 0.004152

E p5 05+0.0

500 — p6 10.02 + 0.33
400 —
300 —
200—
100 —

0 15 1 05 0 0.5 1 15 2

sagitta_w [cm]

)
N

3.15 BRI 7 residual 70ff, HiZBIBCR T fitting % 2 & D3R EE,
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3.4.2 Zero Field Run Data &. & ® Pedestal DEEMH
XIZ Run9 residual fEHTIZH 72 Run List Z#£I12281F %

# 3.1 2009 March IZHU& L 7z Zero field Run Y A F,

Run Number | FEvents | Begin time End time
273696 3326061 2009/3/4 6:43:35 | 2009/3/4  6:50:01
274369 2451199 2009/3/7  11:07:05 | 2009/3/7  11:15:03
274794 10662961 | 2009/3/10  6:28:41 | 2009/3/10  7:09:53
274795 3643445 | 2009/3/10  T7:14:31 | 2009/3/10  7:40:17
274798 14002734 | 2009/3/10  7:49:38 | 2009/3/10  8:49:18
274802 8662695 | 2009/3/10  9:17:16 | 2009/3/10  9:47:29
274803 12531596 | 2009/3/10  9:48:31 | 2009/3/10  10:32:1

#* 3.2 2009 May ICHf% L 7z Zero field Run Y R I,

Run Number | FEvents | Begin time End time
284917 14489805 | 2009/5/16  0:13:57 | 2009/5/16  0:40:46
285157 16537583 | 2009/5/17  22:54:23 | 2009/5/17  23:24:26
285291 11171300 | 2009/5/19  5:52:24 | 2009/5/19  6:13:00
285352 16190392 | 2009/5/19  16:34:08 | 2009/5/19 17:03:19
285819 2823507 | 2009/5/23  5:18:49 | 2009/5/23  5:24:30
285836 10056109 | 2009/5/23  14:30:06 | 2009/5/23  14:48:35
285938 10062322 | 2009/5/24  11:37:29 | 2009/5/24  12:02:03

286212 9375575 | 2009/5/26  10:27:58 | 2009/5/26  10:45:37
286762 5590962 | 2009/5/30  9:34:47 | 2009/5/30  9:45:40
286763 12026936 | 2009/5/30  9:51:50 | 2009/5/30 10:18:33
286881 6608853 | 2009/5/31  2:52:52 | 2009/5/31  3:07:39

Zero field run 1231 %, North Arm @ 800 u m Zi#iZ % X 9 R IFFEFICTF =
YN BN 2RISR L Tu 3D TH A ) 0 ? B L e A R 7T AR
KT % EMEDIZ mean DAEIFHBOHMTHE  m ALTw3 (K), L, ZOX
LS fake 72 & 9% & raw data DEFETE R 77 A0HICRZ 222 LT3 HEDL
5 flitting DEED Ny 7 75V FRE ) THBRELEZTOIBHDL )V DNTTIE 7L
o & MROBEEICNIDHFET D EEZ NS, $T3HELSHDETTY 7y TV %
N DT L EZEZ6NDbDIET 7T v % IV7% pedestal DFEAICH %, filHh
KA DIHAF 2 v N—=% BT BT A AT AL TR VX —% K, Z DEM
ZEDTHEL 72D B2 ADC £ LTHEIHIT 250TH 205, ZDOHEIERIZA MY v 7
EDIFSOEVRELET S, o TA MY v 71 OILDEL qfi] EMTOXTEZ 6N S,



3.4 Zero Field @t 607 7’1 —F 47

q; = ADC;gain; — pedestal;

pedestal[i] LRI U & 912, gain[i] Z screw up L T s qfi] DED screw up T2 D
Db b, Z L Tpedestal IZRWT, 2D rms b REFTH 503, ZOHMHED BEETH
0B LEDRXD»S LD 9, EEED pedestal 1Z rms DT IAD > T 5D T,
WHEZ BT H5EEEIC T Z 2N\ DTY DY, dynamic ZHIENH O THTTH D %
HA, tms WO ELKED > TR WEERZHTD DD ZNUESHEEE L TR ITFANRE T,
MuTr @ pedestal IFJFEH] 1 HIZEMBEHF I, o2 bH LT —FBZDXD run
D pedestal & LTI N5, pedestal DHTEIZ—[AITD ZF 100 event/strip  data
taking S5,

count

MIP

pedestal RMS
<« >

l

0 pedestal peak channel ApG ghannel

3.16 MuTr 34 Y —FF 2y N—%DT, 20#HEAM LI DC EEZH» T CRElIICS 7 F L%
<4 F A LT3, 2048ch = ADC max

Run9 (ZfA % Zero field run &7 —F BUFRHNIILL T D@D TH 5, Z D run IZfH
FH ST 7z pedestal % gain data Z A2 H T, Z2D run DEMHEL V) 2, BAKS
Joas WL, ZZIWHEHLTAS, X 3.20 ICAEHTICH 72 Run &5 E UG L %«
FALARY v T2E 05, EX3191C, PHENIXOX ¥ 7L —> 3 v 7 —8FX—
ZNEFR I Nz Gain D Octant VFEEZ R T, ¥ 7L — a VIdERPEII—H
—mFEfTI N, HE) fast offline AEHTIC X 2ffHi7% QA F = v 78, 7T —F —X—RIIF
IN5, TNHDT—F RXR—=AZILIT zero field 7 — % OSR]I OREZED X ¥ VU 7
L—ya Vliz2EIC MuTr O F 7y 7 i EEB fTbNn 5, B 2 O gain EI3IEH I
BELTWDEHDTH 50, KT Fitting DRBEDFIAT (FFIZ pedestal 4374 Tl Z
DT V), HPFELS R 2560365, M3I8DEHIHFELLFr Y TL—vav
H gain fEDSKRE S 0 5 &) ZfEIZFEMHTE R\, £7, pedestal DFETDH |
3.20 D & ) ITEREMED & E S BN B S N2 FHXENICH B, 2 T TIHFH
i 53 L < §4 5 & 9 7 gain % pedestal fEDFIER S 1172 Octant Z OASys & D Hilg
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DOBNTE, Ak oX vy Y 7L —Sa v e LETETREIZIRDEE 20
Lt s, 2 2 CRFMNEIRI D7 0 1cfrb v, XOMED Ef X zero field run %
BELEYAL SV 7 2RT,

calibration IZfE L7255 —#

Run9 March Zero field

¥ MHANTI/10ICBB LT —ZB A THD,

N LR T i e P8 . North-03Mar09_1853
273696 | ZEROFIELD J326061 2009/3/4 | 64335 2000/3/4 | 6:50:01
274369 | ZEROFIELD 2451199 2009/3/7 | 11:07:06 | 2000/3/7 | 111505
274794 | ZEROFIELD 10662961 | 2000/3/10 | 6:28:41 | 2000/3/10 | 7.08:53+ North-[]ﬁMaIﬂg_z 137
274795 | ZEROFIELD 643445 | 2008/3/10 | 7:14:31 | 20003510 | 740007

274798 | ZEROFIELD 14002734 | 2009/3/10 | 748:38 | 2000/3/10 | B:49:18

274802 | ZEROFIELD 8662605 ( 2000/3/10 | 91716 | 2009/3/10 | 94728

274803 | ZEROFIELD 12531588 | 20003710 | 9:48:31 | 2000/310 [ 10:32:17

3.17 YA FNOEHRDIEL F1uE Z DR O calibration data 1ZZH I —[B L 22H S LT /s
»otz, X-o T, North Arm IZE} % Zero field March @5 —#% (3312 North-06Mar092137 (ZHX
4 Z N7z calibration data #H\WTHK I LT\ 3,
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gain_s1o1
2 C -®-octant 1
20l0(e 8 8% North-0GMar09 2137 | g3 g agagd g gy o2
Fel, * . . cssess, 9 ba s ee e Soctand
E * -®-octant 4
18— |, octant 2 octant's
C \ . -#-octant 6
16 e 1 ¢ L ] 'R REEXEERREARERE octant 7
E -+ octant 8
£ 14 -
£ 14f ’
® Ele )
12— — octant 7
10—
8—
6— |
0 5 10 15 20 25 30 35

March calibration run number

3.18 March : result of the gain on North

Arm St1
22
F8 2 sgegasss 2 o gls ofs 80 sg,fe 88 8 2.4 9¢
20:—. LI ®e00 LIS L afe (o0 o : ode * 0 d e,
18—
1800 & sesieste s 2 00 N sla Al .
£ 14
£ 14r
o c le-octant 1
12— e octant 2
= # octant 3
10— le-octant 4
= octant 5
s {#-octant 6
- octant 7
6— - octant 8
C PR N S P Y - N P
0 10 20 30 40 50
May calibration run number
3.19 May : result of the gain on North Arm St1

14 ;
— + octant 1
1 2 . —&— octant 2
#- octant 3
— —#— octant 4
10— octant 5
— —8- octant 6
— octant 7
8 __ - octant 8
w —
= — ‘e
(1’4 — dl
6— |”|
— 1
L il
- / Wl
4 |
2% ’“’%ﬂf-wfhﬂvﬂn“- 4 ”'\ﬁ \“h% oo & LN
0 _ L 1 1 L i 1 | L L i L L L | i 1 | L | L L L L I L

0 10 20 30
May calibration run number

3.20 Pedstal oD% EN, iz HoXx v ) 7L —>ar 7@

RMS &% 7 % v FHMHE,

L &5, #tifild Pedestal
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3.43 Za—AVEHEKREFH

Run9 Tf17% > 72 22d Zero field run 123 H & 5 HIZiTHhbN 7232 D, 2 DDl
HTliE—20arsaravyriirs, 3HOT =235 BT 500GeV @ run TH
H 5 HDOTF =% 3BT 200GeV D run TH %, CD2DODRLLZE—La VT4
YavoT—Y T 2 HIIARRDO»E I I TERT 5,

This spectrum is pp500GeV track associated muon momentum distribution (No
track cut ). High pt spectrum seems to decrease than pp500GeV. However under
10GeV muon is 98.3%, high pt muon is not sensitive for the residual distribution.

';,..-_q“"m L = TEvaems 1ETTES
Maan  0AN0

[ 2 e -
i = L E] [y ]

pp200GeV E ] pp200GeV
ppal0GeV e ppal0GeV

A Y (RERELION]

-
[] '1!1 ’ l1ﬂ
1/ Bmaenenrum |.I'{:.|="|.']

3.21 HEBED ) £ 57— % H\724 chamber OfiE RS

The residual distribution is based on under 10 GeV muon. The spectrum is same
in pp200GeV and pp500GeV. It means the residual from different beam can be com-
pered. And the different of beam is not sensitive 2nd gaussian.

DEDRRIZ, E—bDay T4 a i3> d i Td 58T %)L ¥ — i
TOIAIIE 10GeV LR DL WOT, UFTIZZD 220 run 2 HKAIRE & L THLD
I,

344 ZERELICEZDHDILEHD

residual 734z .5 &, EEED chamber DALEDTHRE L D KE A >TW 5, AHE
TiF, ZOFHN IO TEEUELOBIND 6 EET 5,

From zero field cosmic study, we make sure second gaussian component is not
based on hadron decay. So, we guess that component will be based on the effect of
multiple scattering another momentum. After the last meeting, Oide-san gave me
simple multiple scattering root macro. I modified that macro to near real condition.

At first I assumed if 2.0 GeV muon go through between St1 to St3. Then muon is
affected by the effect of multiple scattering from air volume. I want to know the final
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st1

2GeV muon

.
Cal

}

Yplane

!
:eélane
A

Figure 27.9: Quantities used to describe multiple Coulomb scattering. The
particle is incident in the plane of the figure.

3.22 HEHEED ) 4 XF—% %% chamber DA77 fEHE

position (St3) is how much spread by that effect.

(b1 b
Entries 10000
F Mean -0.0007951
F RMS 0.04703
350 F k »2 I ndf 124.7 /197
F po 339.3+4.2
300— p1 -0.0007908 + 0.0004703
C p2 0.04703 + 0.00033
250(—
200
150—
100
50—
I RV, & R R I B
-?).4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 04

position distribution [em]

3.23 Fist Step : Air volume contribution (fix muon momentum)

PLE®D X 912 simulation DFEED? S Bz o EFHEO DA 6. FEBED residual 7
Mz HET 2FHICRIL 72,
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. h1 . h1

1GeV fixed eios 1000| 2GeV fixed _ [Ewe oo

. Mean -0.001631 . RMS 0.04703

RM8939 um Rl g cazas RMS: 470 ﬂ m } ¥ [ ndf 124.7 /197

160 £ po 339.3+ 42

E 300— -0.0007908 < 0.0004703

140 E p2 0.04703 + 0.00033
= 250
120— E
1007~ 200
80~ 1505—
= F
c 100—
40 E
20F W ! 50—

:I.AAAAIA-A PN SRS ISR SATTR I S S S SR Mooy o1 :-‘.\‘...\... ........ L Pofay o 1o 0 0 1
-%.4 -0.3 -0.2 -0.1 0 01 0.2 0.3 04 -%.4 -0.3 -0.2 0.1 0 01 0.2 0.3 04
position distribution [cm] position distribution [cm]
h1 . h1

5GeV 'ﬁxed Entries 10000 10Gev flxed Entries 10000

. Mean -0.000318 Mean -0.000159

RMS 188 u m RMS  0.01881 RM S: 94 u m RMS  0.009406
?HD; 14uu—
600 12001
500 1000
400:_ Bﬂﬂ}
300 600
200 s00-
100 J \ 200

-%_II-DIS-UIZ -0‘1 6 0‘1II -'El—d. 0‘3 I-U‘.ZIHOI1 tlll]‘10|2I

0.2 0. 0.
position distribution [cm]

3.24 HEED ) 4 X7 —% %\ chamber DA77 fiEHE

345 I\NROYVOBEEICLZHE

sagitta 23 fF DIE 3 4mm (X FTH TP L 72 % HEEGEL (450 750um) & MuTr OEH
B ERE ( 100um) 721 TIEFHITE R VIEZ R > T3, ZOFRKIFER KT X<
bhro Tk v, —HTE=ZHiDEC T —icon T, topuffickzbol
EZoNd, "M AV, Ta—FVOHBEZZNZEN, m:135MeV/c2, 1:106MeV /c2
LT HIZIE 2GeV /c DiEEN R 2 Ff> 72 2 2 —F4 )3 station2 Tr— o & 4 2 B
W) 2 BT RF > TREIT 5 LIRE L 72 £ &, 135-106=29MeV Z 2T 30MeV
DEBEZ R o THTIANCEB) L7z & 95 & 2 2 —F VId station2 T 30MeV/20GeV
Dfy %z b > T station3 ICAH I NG, Lo T A F VOFRICK>THEL S 22—
Z ¥ DA% South T 30MeV/20GeV X 1.5m=2.25cm EMETE S, DK H IR
AZVEPTHET 22 LICLD, ¥n L TH-TH F 7y ZIEMRITIE RS,
it > T sagitta DAIXIERE 7 v 7 OEEDTMITIIMNED v, FEIZEI 2 —F v
ARS8 CCTHMRMICE Z 2 DT, R sagitta DMITER 7y 727X0 D
FRERIC K OB 7 R RO R T IR e afit %, 2 STTIORBEICL>TAEL

position ‘distribut-ion [c:mj
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Sa—FVORAEEMRE Ty 7D a—F v DOAiD 2 T, SR SN ofi
% Z. Double Gaussian T® Fit Zi{#A 7z, Reduced Chi Square 2% 1 F2EEIZ 72 > T\
%, Doblue Gaussian C Fitting 29 £ o ZHK E LTIE PRLZED Mulr %2
BINTASA A6 S a—F Vv ~FELTE 7 v 7235035 7458, station3 T TE %
JRo3A (F\WaAn) EEMR 7y 7 D504 (Regii) RS > Te o Tz we):
EEZS B, LaL, 2GeV HEEjRE AL 4 v DFIZI1X 5 X — FILIRA KD survival
rate 1Z 95% H D FEER 1B L 7 sagitta DMIEZ DI A — 7 REHETPHIL 7 4E X
Db RIS C RA 5, EHINCIFFHHTE 22, EENICIEFHL ZNTHwiav
DOWHEIRTH S, 2 I TFEMT =7 2o T ZOoMDOWGEEZIT) ., FHET =421
ENFRYPEENT, Miaia—FroiatEZoNEDT, b LIEDLL-2H
? Gaussian 23 Fa VHIRR D72 T2 L, ZOZOHDKT I FHEMT — 7 1B
N VWIETTh 5,

3.46 FHET—4H D Residual 97

Z 2Tl zero field run ODFHMTHO T —F ZH\ T, ZDWGE%E1T7% > 7%, Run9
RIS L 72 B a i Ic 81 2 FHM T — 7 2KIOR T, PRICK L Z2HDIRDIA
Gaussian 7 I1ZIZITE— LT =% LEKRDOEIE TH 2HEBL1 S, o TZD>H
? Gaussian {71, N F A VKT 5 %5 DTl R WEIME RO T oz, 2
D HOHD Gaussian R DFERIZOWTIE, 512 3.4.9 TiEmd 5,

3.25 FHiHRD Residual 4,

3.4.7 Fitting DRBIL
3.4.8 T—HEROREL

[
£
z

like_phnx_w:sqrt{dg0_x‘dg0_x+dg0_y*dg0_y) {abs(sagitta_like_phnx_w)<1&&arm==0} | sagitta_like_phnx_w:ddg0 {abs(sagitta_like_phnx_w)<2&&arm==0}

-

-

=
o

H
2
c
£
%
Q
=
il
£
> 0.
©

"

sagitta_like_phnx_w |,

-0.5

30 40 50 60 70 80
sqrt(dg0_x*dg0_x+dg0_y*dg0_y)

X 3.26 Rdg0 X 3.27 ddg0
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3.4.9 Residual % DEIERARKEFM

Station-3 ICHI# U fc Residual 3%

Z 2 Tl3 Residual 4316 OB ST AR EZ F R 72, EHTICIE Run 9 ¥ i< 3 H
DT—=Fty M35, 3.28 12 South 7 — & @ Residual 43408 D 8T MK %
AT, MDY Station-3 IZHTE L 72 Residual 274fi (-2cm,2cm) T, #Edla3 e — 280
5 OEEEEHEZ cm AL TRT, SpviciEzEnzivEr 28 v reaEl 1l 8Kich
JCT7my FLTWw3, Arm, Octant, Half Octant(HO) D3 L &5 13 0 #JH CER I
NTw3, 78y FMIF7 vy 7HERDL I ZOTHE L, 512 ROOT @ FitSlicesX()
BI% 2 FH\vC, Y iz 50Bin ICHIFTAFA4 AL 7Z0Mi% Gaussian 74 v F L ZD
FOME ERAZ LS Bin lIZOWT EHEELTW3, POLMEDE A4 Bin D= I
HFLTWw5, KT X oA +2em L RE CIEEA EDFRKAED 2V X9
IR Z %23, Oct0, HO=1 (Half Octant=1) Ti& r=180cm I TH L { € v &Y
TN T DI NG, ZOTNDREZIIE, 155120cm H 72 D Residual X
lem IZH MATWS, 2o OFRMKAEEZFHELC AR50, X iilid Residual i %
(-0.2cm,0.2cm) & L7z ¥ 3.29 103§, XMliziiR L 7% 3.20 TIRIZ LA EDH
F 7% v D Residual 73R IZEIE T AMKAAMEDS L Z T 2 FDERTE, ¥ — LHi»
5 EELAUTEEN B B Residual 25% 1 20 6 Bffd 2 fEHf 23 L THL %,

3.30 £ X 3.31 ICiFFEED5Hi % North 77—, >WwWT7a vy L7, South
7—=2® Oct0, HO=1 D X HIZ lem L RO MAEGEEZ T4 7% v Mg
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South Arm : the movement of Zero field mean & QASys.
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North Arm : the movement of Zero field mean & QASys
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North Arm : Zero field mean & OASys
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ReCap board MFIFE
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4.1 Cross talk effect

4.1 The condition of the anode card without capacitors. There are some surface structure
remained of pads. The bottom side pads is GND line and opposite is HV line.

The Restoring Capacitor Clamp board (hereafter referred to as the ReCap Board)
was developed to improve existing anode circuit in the PHENIX muon cathode strip
chambers. Originally, the anode cards were equipped with surface mounted capacitors
which were later discarded because moisture being trapped between them and the
anode cards, and caused frequent high voltage trips. As a side effect of missing
capacitors, the relevant path to the ground for the positive charge generated in anode
wire is lost. As a consequence, the charge finds relatively easy path in adjacent strips
which share the anode wire. This phenomenon called cross talk. Because cross talk
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signal interface with real signal, it will degrade the performance of the chambers. For
this reason, we have developed the ReCap board with non-surface type capacitors to
be used in lieu of the original capacitors. Its structure will be discussed in this paper
whereas the its performance will be addressed in another.

Cathode Strip /
Cathode Strip ’_’
Cathode

<
Signal
Readout

5000p |

= Anode Card
Signal
Readout

(Low Impedance)

4.2 PHENIX- 2 2 —# VR (Muon Tracker) D BLR

4.2 Requirement

We reuse the pad which used to be soldered surface mount capacitors, as a contact
target of the new clamp. There are following mechanical constraints and requirements
to be accounted in terms of designing of ReCap boards.

They must be able to be installed within the very limited space between the cham-
bers. Conventional soldering cannot be done, thus electrical contacts between existing
pads and capacitor has to be established without soldering. Any remaining protective
coating must be removed from the pads of the anode card. Its usability should be
reconsidered after 10 years of operation. It must be coated to be protected from mois-
ture. Must not produce dark current on the anode cards. Must to able to withstand
a high voltage bias of 1950V.

With these requirements in mind, the ReCap board has been designed with three
major components. 1 Contact part : This is the part where firm contact is established
with the pad of the anode cards. 2 Print board : This is a base board which mounts
capacitors and shaped like "comb”. 3 Support structure : This clamps around the
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anode card and hold them together.
Good contact between the contact part and the pad of card is required :

There are residual solder and an irregular surface so that print part must be able
to absorb there bumpy structure by a channel by a channel. Accordingly, this shape
has become like ”comb”.

The support structure is then hold the print board on to the anode card. The print
board is warped on purpose to push the probes onto the anode surface and secure the
contact.

4.3 Contact part

Presently the contact part has two different types of probes. One is conductive rub-
ber type and another is pin type. Followings are described about these performances
and these advantages and disadvantages.

]

: . d
llll $1Il |Ill IIIl Illl‘

|| R T e et et

4.3 The three ma jor compornents of the ReCap boad and ”comb” structure of the print
board absorbs channel by channel structure of the pad surface.

- Conductive rubber type -

This type is made of conductive rubber. The rubber can absorb some surface struc-
ture of pads. On the other hand, the value of resistance can be varied depends on its
compression from channel to channel. Although the variety is within the acceptable
range, further disadvantage is that coating must be removed from anode cards before
installing this one.

- Pin probe type -

The probe of this type is made of 1 pin or 4 pins. Its advantage is unnecessariness
to remove the existing coating of the anode cards, because the pin can penetrate the
coatings and contact to the anode cards directly. This type of probe has a drawback.
It may not have enough flexibility to absorb bumpy surface structure of pads unlike
the rubber case.

This pin probe is further classified into two models: one with 1 pin par channel and
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the other with 4 pin per a channel.
- 1 pin type -

This type of probe only makes contact with the pad of the anode card using 1 pin,
which has a lower probability of making contact than the 4-pin probe. It is, however,
safer to use than the 4-pin model which we will describe later.

- 4 pins type -

The 4-pin probe has a higher chance of making contact, but it is suspected that

should one or more of the pins do not, which means these pins are energized but

floating in the air, may act as a corona discharge source.

4.4 contact parts : rubber type, 4-pins type, 1-pin type

4.4 Confirm the contacts

These ReCap board must be coated by insulator in order to be protected against
moisture. The way to be coated is different by the probe type. The rubber type must
not be coated the contacting surface because it does not have penetration power.
Therefore, this type is suspected it may be weak against moisture. In the pin type case
: it has penetration power, so this type can be fully coated. It is enough penetration
power to penetrate oneself coating when it is pressed by the print board. Pin type is
better insulator coating than rubber type.

When ReCap board is installed, these ReCap boards must be confirmed how much
fraction of the channels succeed to contact by a channel by channel. For that reason,
ReCap board is equipped with voltage readout sockets. Plugging in readout cables,
one can measure the finite voltage if the probe is in contact with the pad.

Towards the end of 2010, these prototype ReCap boards (3 pieces/type) have been
installed to the cathode chambers in PHENIX to evaluate the performance. These



4.4 Confirm the contacts 83

4.5 readout cable

ReCap board cleared the constraints of installation. The major clarifications of the
prototype install are confirming 1) not introduce additional dark current 2) be able
to withstand a high voltage bias of 1950V in the long run. In the result of that test
: Approximately 90% of total channels were confirmed that the electrical contacts
are established. The reason for remaining 10% unsuccessful contact is most likely
originated from the problem in anode card (e.g. missing target pads).

Now, we also confirmed the clamps didn’t introduce new dark current and holds
HV at 1950V. The final optimization of clamp types will be made based on their

performance thru Runll.
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Vo E OV 7,

Dl EodGERZE £ 2. OASys & zero WD 7 — % Z K L 72, EBIHAR T O < 2
XUITRETCT IR T I VADELR LA 7V b RENH LT ET, 800 27 vy b
L ELA I Z Y FIEIARNEY BT TH - 72 EFHB OV, Z1U X D OAsys b
zero 3 H 100um AT OB & %2 75 LI BEE N L TRTw 3, L LEK
FHR7 PV DI E R Z Offiil i Tld FZEAER LN TV S L W) HEEICIZE> T
2\,

5.2 JAXM—=2 0Pl

Sa—F b Iv A=A LT /) —FDru A —7HEICHRL, FLlx 2012 FD
7T —ZHRIcEI /R =7 2T 57O TTDEE [Tk o7,

e 2010 4EJEIC Station 1 @ gapl IZ NV FEEEZH Ty Ty —DFEHA » A
b= VZ{T o, ZDHD Runll BT — 8 2T L 726558, Gap-1 121
MuTrig-FEE I2H 756 L TWiaZ7a A F—2IC kX 3BESNIFEA LR <
ol

e station 3 2B L Tl Station-1 D & I v FREBYEICATHETH S D
T, Wt DTHEDT /) — FA—=FIC#EY %77 v 7 v 7 %NET 2% 7%
A RLEMAEE (ReCap R — F) ZFAFE L 72,

o ZODRIFRIILL T DFMZE7- TN H D
1) $ewv 22y o A FTRETH 5,

2) L T T 200V O EE TBERZ RS 2w
NV FEHOTICEMICO X 2D 2 BXMNEMHER SN D
o LRI T2 BT ISP, 2011 FF/ICIE PHENIX DL Ea—i2 X %
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KRB, 2001 FEETICEELZTT L, 2011 FKIZT 72 7% v ZADHK]
PO ICERIE L 72,

o {VAF—NLENAKD HV ICBT 287 4 —<= Y RIZHOWTIZ., 1 H»oH
EETOM 1.5 » HOB@IFS, WERIHEN TR O Z2iER Lz, 71 A
F—= 27OV, BIET — 7 ZHRHTH D HUSHHE TRE b, FFEf
ZTHVETH 5,



89

% A
OASYS DRME

OASYS data Dyt

1. oasys server T® archive $ssh -Y rsshgw.rhic.bnl.gov : BNL ¥ —N—IZ A%,
$ssh -Y oasys@oasysl.phenix.bnl.gov  : oasys ¥ —/S—IZ A%

$cd /oasys_storgae/data —FHT L\ yyyy mmdd (1 2010_0516) &7 — & IR Tl
AP0 TIbo Il EZ2NL Db DT tar file WD DITUET 5 Z &
$perl tar.pl 2010-0516 Z#C May-16.tar 232 1 5

2.0asys 95 ccjnfsl3 ~NDHRE tar 7 7 A )V 2K T 5,

$scp May-16.tar kentarow@ccjnfs13.riken.jp:/ccj/w/datab2/oasys

Z DEAEIZIE ssh D key DREE D HLEL

1 RFfE PR D IR R D322 00 5

3. ccjnfsl3 TDEH ccjnfs13.riken.jp 21X\ %

$ssh -Y ccjnfsl3 $ed /ccj/w/datab2/oasys $perl tar.pl

BHIN77ANVEF 2y 7T 5L

4. linux2 T peak fit D7z% D Batch job(OASys ® RawData 2% L T4 TIC
fit_ikeda.C #2217 % job) Z&E5+¥ % ccjsun ££H T linux2 121X 5, $ed
/ccj/w/r02/kentarow/OASys/

$perl sub_ana.pl j t.hat : TXRTDOF—F ~FIZMHEL 7\ E &

$perl sub_ana.pl — grep 2009_0516 ; t.bat : 20090516 DT —F 7ZZFUH L 72\ & =
$source t.bat : Ny FREAT S

5. fERDOBE) job 3B o725 (bques I Y FTHERTSZ I L)

$perl mv.pl

6. MELAERDOA%Z dat file I 5,

$perl sum.pl ; sum.dat

sum.dat 1Z1F peak fit 2179 EEIZ peak D mean,mean_err,sigma,sigma_err,chi2 5523
output T 5,

$perl sum_stat.pl j sum_stat.dat

sum_stat.dat IZIFRAEMNIC fit ICH W T =Y ERPIEZIAEN S,

(Hid) fit D
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optimize % L 72 WA IZH M T fit_ikeda.C ZE)2> 7,

root 71

L fit_ikeda.C

t( “7 74 VHdat” )

ZNT1 7 7A4NMICDOWT peak fit BfTbir s,

FERTIZFIEARIIZ Tree Z > T\ % DT, sum.stat.dat & Tree IZFED 5~ 7 BIZDWT
T %, cd /ccj/w/r01/ikeda/OASys/ IZFEEIT 5,

Z DD TreeMaker.C TAJI 7 7 4 VI sym_stat.dat & magnet, IE., MmEHEHRD
77ANTH 5,

AN 7 7 ANWVBREIZBZA 7 ) 7 NEZ W E > TER %,

M7 7 ANICOBTHRAZ Y 7 AT “RECREATE” tEWTHZETH

D root D ZHFZIRAWICLEZ B,

09 £ DRPTD root 7 — ¥ 1F sample_tree2.root TT

ZNDMED oasys FBITORILD T —F 7 7 A Wiz ) £7,

INEMoT, WE., #5 coorelation ® 7wy b ERED 7,

graph_onoff.C % temp_hum_graph.c % temp_graph.C %,

KIZ model fit D=7 QIZOWTHEHHL £7,

Model fit D=7 vl

/ccj/w/r01 /ikeda/analysis framel027/12&% D £ 7,

RFTD <7 ads framel).C Ex>TWET,

23U arm,octant, HAMBEICE) 2§ 2 L3 TE,

frame 2 A5 2 5.C 1ZHEAMNICIE Run_frame Z2AH £ 5.csh THIT Z &k 7,
7z & 2% framel0.C %4 arm,octant, HAHIR L Tfrw 2 WEAIE, csh
Run_framel0.csh ZFf7L £7,

T2, ZORRD7 7 A VD HIEN 5,

7 74 VOLFTZRD 5 DI framel0.C D—FFDIZHIICH D T DOTELERIC
R Z 2 FHZHZA TS v,

GSDHRRPMEBIZ K o 2 S IcEdEZ BFHW L £ 7,

H I N2 1E8IZH A, arm,octant,dx,dx_err,dy,dy_err,dphiz,dphiz_err,alpha = - -
FOMERTY,

Zniddat 7 7ANVTHT LHIITLTL E27DTXIC

parameter_analysis ICFE L £,

Z 2 Troot ICAST

x param_tree.C(AS17 7 4 V44 ((dat), /17 7 4 V4 (root))

LT T B EMNT7 7 A Vi oot 7 7 A ADBFERL T,

RIZ root IZA > THE> 7z root 7 7 A V% anal para.C( “AJ17 7 4 V4 (.root)”
nct7uy MRS NS,

* Map 22T
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Map TEEH D A 7 ) 7"+ 1 ModelCham_CamVect_map.c TH %,

74 L7 FYid/ccj/w/r01/ikeda/analysis_framel027 /naruya_production T,

Map 1ERRIZ AT 7 7 A )LIZ arm,octant 2% 0 origin T

FHIF® input 7 7 4 )V (camera raw data) BSAETH D, 2D 74—~ v M3,

Arm octant cameraNo dx dy

%o Tw»%, L3032 Map (EHDF = v N =38) K A1 7 7 4 L iF

L461-L468 D a X > k77 b Z#HA L TT ),

FEMHZ#R1E L321 Trms O dat 7 7 A V2 FARAL T Eh 5,

%Z LT, .x ModelCham_CamVect_map.c( “# X 7 D raw data” ) TETT L2y 7
DERI NG,
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